The present paper deals with studying the effect of sand/cement (s/c) ratio and water/cement (w/c) ratio on the mechanical properties of cement mortar and to predict a relationship between modulus of rupture and compressive strength for the cement mortar. In the present work seventy two sample of cubes and prisms were tested for compressive strength and modulus of rupture. All the tests were carried out in accordance to the ASTM specification C109 using twelve different mix proportions of cement/sand ratio and water/cement ratio. From the test results and based on regression analysis a best power relation between modulus of rupture and compressive strength are proposed.
Introduction
Cement mortar is widely used for joining the building materials (bricks, stone and concrete blocks), plastering and tile placing. It is also used in ferrocement which is widely used for restoration of structures, lining of tunnels...etc [1, 2] . In such type of ferrocement structures, like slabs, domes…etc, it is necessary to know the modulus of rupture of the mortar and this requires studying the effect of sand/cement ratio and w/c ratio on its compressive strength, modulus of rupture and the relationship between them.
The relationship between modulus of rupture and compressive strength is not well defined as it is the case in concrete materials, and this is due to the limited number of the experimental data of mortar. Previous studies [3] reported a considerable variation in the properties of mortar even for the same compositions and category when different water/cement (w/c) ratios were used. On the other hand, in an early site survey [4] carried out in Riyadh area (in Saudi Arabia) to collect data about the manufacturing process and the properties of mortar as well as bricks/blocks and their constituents produced in the area, it was observed that some of the mortar and bricks/blocks manufacturers prefer to use white sand rather than red sand in producing the units. Amjad et. al. [5] studied the effect of type of sand on the mechanical properties of the mortar. The tests included compressive and flexural strengths, modulus of elasticity, drying shrinkage, specific gravity and absorption. The main variables in the investigation were the type of sand and mix proportions. Based on the test results, the following conclusions are drawn: 1-Replacing red sand with white sand increases the compressive strength, flexural strength, and modulus of elasticity, and decreases the drying shrinkage of the mortar. 2-The type of sand has an insignificant effect on the density and water absorption of the mortar and concrete bricks. 3-Addition of lime to mortar mix adversely affects its mechanical and physical properties. Also, replacing red sand by white sand in mortar mixes containing lime is less effective in mitigating the drying shrinkage.
The present paper presents the results of tests carried out to investigate the influence of variation of sand/cement ratio and water/cement ratio on the compressive strength and modulus of rupture of the mortar and to suggest a relation between the modulus of rupture and compressive strength of the cement mortar.
Test program
To study the effects of varying sand/cement ratio and water/cement ratio on the compressive and flexural strength of cement mortar, it was proposed to use twelve mix proportions having different sand/cement ratios and water/cement ratios as given in (Table-1) . For each mix proportions 3 cube samples of size (50x50x50mm) are molded for compressive strength and 3 prisms of size (25x25x300mm) are molded for flexural strength. In all the mixes the same procedure was followed for mixing, curing and testing the samples. Graded river sand near Mosul city was used for making test samples. The results of sieve analysis of representative sample of sand are plotted in Fig. (1) which conforms with the ASTM (C-33) [6] . The fineness modulus of the sand is equal to 2.86. For all mixes of the mortars, Portland cement (Type I) produced locally that comply with the Iraqi Specification (IQS. No. 5, 1985) [7] was used. Its main chemical and physical properties are given in (Table-2) . The chemical and physical properties that are given in (Table- 2), show that it is comply with the classification of Ordinary Portland Cement (Type I) [7] .
Tap drinking water was used for mixing and curing, the temperature of the water for mixing and curing is in the range of (25±5ºC). Cement, sand and water were measured by weight in accordance with the respective proportions. The molding are took place under laboratory conditions at a temperature of (25±5ºC) and a relative humidity ranged between (50-60 %). 62 Samples were kept in the mold for 24 hours after casting and the samples are removed from the molds and kept in the curing water tell the date of testing at the age of 28 days. The details of mortar samples for different tests are given below:
1-Thirty six cubes (50x50x50mm) of different mix proportions were molded and tested to determine the compressive strength after 28 days of water curing in the laboratory. The test was carried out as per ASTM C109-92 specifications [8] using compression test machine (ELE) with loading rate within the range of 900-1800N/s. All the samples are tested as soon as they are removed from the curing tank. 2-Thirty six Prisms (25x25x300mm) of different mix proportions were molded and tested to determine the modulus of rupture after 28 days of water curing in the laboratory. All the samples are tested under third point load test over a span of 200mm to obtain a zone of pure flexure. All the samples are tested as soon as they are removed from the curing tank. The test was carried out as per ASTM C348-93 specifications [9] .
To prepare a particular mix the required amount of cement is weighted and the corresponding quantity of saturated surface dry sand used in each mix according to the proportion of sand/cement ratio is prepared and the quantity of water for mixing also weighted according to the water/cement ratio stated in (Table-1 ). The procedure of casting and testing is carried out as per the ASTM C109-92 specifications [8] and ASTM C348-93 specifications [9] . Fig.(2) shows sample of tested cubes and prisms specimens. 
Results and discussion
The test results presented in terms of compressive strength and modulus of rupture are listed in (Table-3 and modulus of rupture m r f with the sand/cement (s/c) ratio are shown in Fig.(3) and Fig.(4) respectively for the three different w/c ratios (0.35, 0.45, 0.55). As can be seen from these two figures that the strength of the sample having s/c ratio equal to 1.5 and 2 with w/c ratio equal to 0.35 is higher than that with w/c ratio equal to 0.55 but less than that with w/c ratio equal to 0.45. When the s/c ratio increases to 2.5 and 3 with w/c ratio equal to 0.35 the strength of these mixes are less than other mixes. This can be attributed to the very poor workability of the fresh mortar having w/c ratio equal to 0.35 with s/c ratio equal to 2.5 and 3 were the fresh mortar are crumply and the solid mortar are very porous and weaker than that of the other mixes. The predicted values of m r f using Eq.(1) are given in (Table-3 ) which are also plotted in Fig.(7) . The standard error of the estimate for the values determined from Eq. (1) corresponding to the experimental m r f is equal to (0.3421).
Eq. (1) is modified such that the power is taken equal to 0.5 and by using least square method to minimize the error with respect to the constant multiplier, the modified equations can be written as:
With R 2 value equal to 0.8952.
The predicted values of m r f using Eq.(2) are also given in (Table-3 ) and the same are plotted in Fig.(7) . The standard error of the estimate for Eq. (2) is equal to 0.3546. As can be seen the standard error of the estimate for the two equations are almost same with (3.6%) difference. So Eq.(2) may be recommended for this relation.
To check the accuracy of these two relations, the determined values of modulus of rupture from Eq. (1) Which also shows that the slope of the line is almost equal to unity but the constant is greater than that of Eq. (3), nevertheless; the relationship may be considered as acceptable one and Fig. (7) depict this fact. 
Conclusions and Recommendations
Based on the limited experimental results obtained from the laboratory tests of flexural and compressive strength of different mortar mixes, the following conclusions may be stated: 1-An increase in (s/c) ratio leads to a decrease in the compressive strength and modulus of rupture of the mortar in the range of (13-66)% for compressive strength and (10-45)% for modulus of rupture if s/c ratio equal to 1.5 is taken as a reference. 2-The change of w/c ratio significantly affects the mortar cement strength. The determined higher mortar strength for all the s/c ratios is that corresponding to w/c ratio equal to 0.45. 3-Based on the regression analysis, a power relationship that relate modulus of rupture to the compressive strength of the mortar are derived and simplified version is proposed which was found to give a good correlation with the experimental results. The present work can be extended by studying the effects of adding some admixture that improve the workability, initial setting and strength on the flexural and compressive strength of the mortar and the relationships between them.
